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 ﻡﺎآﻴﻨﺎت اﻟﻄﺒﺎﻋﺔ و هﻨﺎك ﺱﺘﺔ ﻡﻦ هﺬﻩ  ﻡﻦ ﻋﺪداﻟﻮرﻗﻴﺔ  ﻡﻄﺎﺑﻊ اﻟﺴﻮدان ﻟﻠﻌﻤﻠﺔﺷﺮآﺔﺗﻤﺘﻠﻚ       
إﻻ أﻧﻬﺎ ﺗﻌﺎﻧﻰ ﻡﻦ , ﻡﻦ اﻟﻨﺎﺣﻴﺔ اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔو  رﻏﻢ اﻷداء اﻟﺠﻴﺪ ﻟﻬﺬﻩ اﻟﻤﺎآﻴﻨﺎت . اﻟﻤﺎآﻴﻨﺎت ﺗﻌﺘﺒﺮ ﻗﺪیﻤﺔ ﻧﺴﺒﻴﺎ
 اﻟﻤﺒﺪﻻت ﻗﺪیﻢ و یﻌﺘﻤﺪ ﻋﻠﻰ ﻋﻤﻞ و  ت  ﺗﻘﻠﻴﺪي  ﻧﻈﺎم اﻟﺘﺤﻜﻢ ﻓﻲ هﺬﻩ اﻟﻤﺎآﻴﻨﺎﻡﺸﺎآﻞ آﻬﺮﺑﺎﺋﻴﺔ ﻡﺘﻜﺮرة؛ ﻷن
 اﻟﻜﻬﺮﺑﺎﺋﻴﺔ ﻓﻰ ﻧﻈﺎم  ﻡﻌﻈﻢ اﻟﻘﻄﻊ؛ ﻷن هﻨﺎك ﺹﻌﻮﺑﺔ ﻓﻰ اﻟﺤﺼﻮل ﻋﻠﻰ ﻗﻄﻊ ﻏﻴﺎر ﻟﻬﺬا اﻟﻨﻈﺎموأیﻀﺎ
 واﻷﺧﻴﺮة هﻨﺎك ﺹﻌﻮﺑﺎت ﻓﻨﻴﺔ ﻓﻲ ﺗﺮآﻴﺒﻬﺎ  ﻋﻮﺽﺎ ﻋﻦ ,یﺜﻬﺎ ﻡﺎ  ﺗﻮﻗﻒ اﻧﺘﺎﺝﻬﺎ أ و ﺗﻢ ﺗﺤﺪإ اﻟﺘﺤﻜﻢ اﻟﻤﺬآﻮر
ﻟﺬا ﺗﻢ إﺧﺘﻴﺎر واﺣﺪة ﻡﻦ هﺬﻩ   هﺬﻩ اﻟﻤﺎآﻴﻨﺎت؛إﻧﺘﺎﺝﻴﺔ ﺗﺪﻧﺖ اﻟﻜﻬﺮﺑﺎﺋﻴﺔ اﻟﻤﺸﺎآﻞﻜﺜﺮة ﻟو ﻧﺘﻴﺠﺔ . اﻟﺘﺎﻟﻔﺔ
 .اﻟﻤﺎآﻴﻨﺎت  ﻟﺘﺤﺪیﺚ ﻧﻈﺎم ﺗﺤﻜﻤﻬﺎ
 ﺗﻢ إﺧﺘﻴﺎر ﻧﻈﺎم اﻟﺘﺤﻜﻢ اﻟﻤﺒﻴﺖ ﻟﻴﺤﻞ ﻡﻜﺎن ﺗﺤﻜﻢ اﻟﻤﺒﺪﻻت، وهﺬا اﻟﻨﻈﺎم أﺹﺒﺢ واﺱﻊ اﻻﻧﺘﺸﺎر و ﺑﺪأ 
 .یﺤﻞ ﻡﻜﺎن ﻧﻈﺎم اﻟﺤﺎآﻤﺔ اﻟﻤﻨﻄﻘﻴﺔ اﻟﻤﺒﺮﻡﺠﺔ اﻟﺬاﺋﻌﺔ اﻟﺼﻴﺖ
 ﺗﻢ ﺣﺴﺎب  ﻗﻴﻢ   اﻟﻤﺸﺮوع ﺗﻢ ﺗﺤﺪیﺪ ﻡﺪاﺧﻞ و ﻡﺨﺎرج ﻡﺎآﻴﻨﺔ اﻟﻄﺒﺎﻋﺔ اﻟﻤﻌﻨﻴﺔ و آﺬﻟﻚوﻟﺘﺼﻤﻴﻢ هﺬا
آﺬﻟﻚ , ﻡﺨﻄﻂ ﺱﺮیﺎن وﺗﻢ ﺷﺮح ﺗﺴﻠﺴﻞ ﻋﻤﻞ اﻟﻤﺎآﻴﻨﺔ ﻓﻰ  ,اﻟﻔﻮﻟﺖ و اﻟﺘﻴﺎر ﻟﺪواﺋﺮ اﻟﻤﺪاﺧﻞ  و اﻟﻤﺨﺎرج 
 . ﺗﻢ ﺣﺴﺎب ﺱﺮﻋﺔ اﻟﻤﻌﺎﻟﺠﺔ اﻟﺪﻧﻴﺎ ﻟﻸﻡﺮ و ذﻟﻚ ﻟﺘﺤﺪیﺪ اﻟﺴﺮﻋﺔ اﻟﻤﻄﻠﻮﺑﺔ ﻟﻠﻤﻌﺎﻟﺞ اﻟﺪﻗﻴﻖ
ﺎت اﻟﻤﺬآﻮرة أﻋﻼﻩ ﺗﻢ اﻻﺱﺘﻔﺎدة ﻡﻨﻬﺎ ﻻﺧﺘﻴﺎر ﻧﻮع اﻟﻨﻈﺎم اﻟﻤﺒﻴﺖ ووﻗﻊ ﻟﻼﺧﺘﻴﺎر ﻋﻠﻰ ﺝﻬﺎز اﻟﻤﻌﻠﻮﻡ
. اﺱﻢ أوروﺑﺎ اﻟﻘﻴﺎﺱﻰ و ﺗﻢ ﺗﺼﻨﻴﻌﻪ ﺑﻮاﺱﻄﺔ ﺷﺮآﺔ ﺁرآﻮم ﺑﺎﻟﻤﻤﻠﻜﺔ اﻟﻤﺘﺤﺪة اﻟﺸﺨﺼﻰ  یﺤﻤﻞ   اﻟﺤﺎﺱﻮب
أﺝﻬﺰة اﻟﺘﻼﻡﺲ  و , آﺬﻟﻚ ﺗﻢ ﺷﺮاء ﺑﻘﻴﺔ اﻟﻤﻮاد اﻟﺘﻰ یﺤﺘﺎﺝﻬﺎ ﺗﺼﻨﻴﻊ ﻟﻮﺣﺔ اﻟﺘﺤﻜﻢ؛ ﻡﺜﻞ اﻟﻘﻮاﻃﻊ اﻟﻜﻬﺮﺑﺎﺋﻴﺔ
 .اﻟﺦ...أﺝﻬﺰة اﻟﺤﻤﺎیﺔ ﻡﻦ زیﺎدة اﻟﺤﻤﻞ و ﻡﺤﺮك یﻌﻤﻞ ﺑﺎﻟﺘﻴﺎر اﻟﻤﺴﺘﻤﺮ و ﻡﻌﻪ اﻟﻤﻐﻴﺮ اﻟﻜﻬﺮﺑﺎﺋﻰ
 آﺘﺎﺑﺔ اﻟﺒﺮﻧﺎﻡﺞ اﻟﺨﺎص ﺑﺎﻟﻤﺎآﻴﻨﺔ ﺑﺎﻻﻋﺘﻤﺎد ﻋﻠﻰ ﻟﻐﺔ ﻡﻴﻜﺮوﺱﻔﺖ  ﺗﻤﺖ اﻟﻠﻮﺣﺔ و ﻡﻦ ﺙﻢﻌﺖﺹﻨ
ﺗﻢ   ﺑﻌﺪ ذﻟﻚ, ٠٠٠٢ﺪووز ﺗﻢ ﺗﺤﻤﻴﻠﻬﺎ ﻓﻰ ﺝﻬﺎز ﺣﺎﺱﻮب ﺷﺨﺼﻰ ﺑﻪ ﻧﻈﺎم اﻟﺘﺸﻐﻴﻞ ویﻨ, 0.3-اﻟﻤﺮﺋﻴﺔ اﻟﻤﺒﻴﺘﺔ
آﺎة ﺎاﻟﻤﺤ وﻡﻦ ﺙﻢ ﺗﻤﺖ ﻋﻤﻠﻴﺔ , 0.3 اى.  اﻟﺬى ﺑﻪ ﻧﻈﺎم وﻧﺪووز ﺱﻰ ارﺱﺎل اﻟﺒﺮﻧﺎﻡﺞ ﻟﺠﻬﺎز اﻟﻨﻈﺎم اﻟﻤﺒﻴﺖ
اﻟﻤﺤﺼﻠﺔ اﻟﻨﻬﺎﺋﻴﺔ أن ﻋﻤﻠﺖ اﻟﻤﺎآﻴﻨﺔ ﺑﺼﻮرة ﻡﺮﺽﻴﺔ و  .و إزاﻟﺔ اﻷﺧﻄﺎء ﻡﻦ اﻟﺒﺮﻧﺎﻡﺞ و ﺗﺸﻐﻴﻞ اﻟﻤﺎآﻴﻨﺔ
 ﻧﻰ ﻗﻤﺖ ﺑﻬﺬ اﻟﻌﻤﻞ ﺑﻨﻔﺴﻰ دون أن أآﻠﻒوﺑﻤﺎ أ. ﻋﻄﺎلآﺬﻟﻚ ﺗﻢ ﺗﺰویﺪ اﻟﻨﻈﺎم اﻟﻤﺒﻴﺖ ﺑﺨﺎﺹﻴﺔ  ﺗﺸﺨﻴﺺ اﻷ
 .   ﻓﻠﻘﺪ ﺗﻢ ﺗﻮﻓﻴﺮ ﻡﺎﺋﺔ أﻟﻒ یﻮرو, ﺝﻬﺔ أﺧﺮى
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ABSTRACT 
 Sudan Currency Printing Press (SCPP) has six old printing machines; but they are 
mechanically functioning well. The machines encounter many electrical problems, because of 
their old relay based control system, besides its disadvantages, there is a lack of spare parts for 
the control cabinets; their electrical components are no longer produced or have been 
superseded by newer designs. Therefore, these machines are constantly stopping due to 
electrical faults, which render low production. 
The computer based control system was selected to replace the relay based control 
system. 
For the design of this system, the number and type of inputs and outputs has been found, 
voltage and current required to supply the control circuits of those I/Os have been decided, and 
the sequence of operation of the machine has been explained in a flow chart. In addition, the 
minimum processing speed needed for the instruction has been calculated. 
The above information was used as a guide for selecting the type of the embedded based 
control system. Standard Europe Personal Computer, made by Arcom Company, was selected 
as a new control system for the machine and purchased. Other material like circuit breakers, 
contactors, overloads, DC motor with it is converter…etc. has been purchased, then the control 
cabinet was built, after that the software development was made by using Microsoft Embedded 
Visual C++ 3.0 running on Windows 2000 desktop workstation, then transferred to the 
embedded computer which has windows CE 3.0 operating system.  
At last debugging, simulation and commissioning of the project have been done. 
As a result, the machine runs smoothly for production without any problem deserve 
mentioning, and a powerful diagnostic feature for faultfinding was added. Spare parts for this 
system are available. 
 Instead of giving this project to a company to do it, I did it by my self; accordingly, there 
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Chapter One:  INTRODUCTION 
A banknote-numbering machine has an old relay based control system, it frequently 
encounters electrical problems; as a result the machine constantly stops, which renders low 
production. To solve this problem, the old control system has been replaced by a new modern 
embedded (computer) based control system. This new system has many advantages over the 
other control system. 
An embedded based control system; is any electronic system that uses a CPU, but that is 
not a general-purpose workstation, desktop or laptop computer. They are used in automobiles, 
planes, trains, space vehicles, office appliances …etc. A single board and rack mounted 
general-purpose computers are sometimes called "embedded computers" if used to control a 
single printer, drill press or other such device. 
For the design of the embedded system, the following have been achieved:- 
 Number of inputs and outputs on the machine and their type analogue or digital has been 
decided, also voltage and current required for supplying the control circuits of these inputs and 
outputs have been decided. 
        Sequence of operation of the machine has been known and simulated by a flowchart. 
The speed of processing giving the minimum instruction time has been calculated. 
         Other components for the protection and control of the electrical circuits has been 
decided. 
Then the type of the computer was selected, it is Standard Europe PC (STEpc), which has 
the following specifications: 100MHZ CPU, 16MB DRAM, 8MB FLASH with windows CE 
operating system, then all equipment needed for making the control cabinet were purchased 
then the cabinet has been made and the old AC motor has been replaced by a new DC motor 
with it's converter, which can easily be controlled by the computer.  
The software development was made by using Microsoft Embedded Visual C++ 3.0 
running on Windows 2000 desktop workstation (host computer), and then transferred to the 
embedded computer (target). 
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          Connecting pushbuttons and toggle switches to the inputs and lamps to the outputs 
simulation was done and then the software was debugged. 
         At last, the machine was run for production smoothly only minor problems occur. 
         The sequence of operation in the old relay based control system is achieved by about sixty 
relays, in this new embedded system; these relays have been replaced by software which is 
intangible; that mean maintenance free. The system provides a very powerful tool for the 
diagnosis of faults that occur during operation; diagnostic feature was added by showing errors 
on the screen.   
       There is a saving of one Hundred Thousand EURO, because instead of giving this project 
to a company to do it I did it by my self.  
       This thesis consists of eight chapters the first one is this introduction. 
       The second chapter, talks about the operation of the numbering machine whose control 
system needs upgrading. 
      The third chapter, talks about the characteristics of Proportional, Integral, and Derivative 
controllers and their composites when applied to a closed loop feed back system, which is a 
simple electronic system used to control ovens, boilers, also it talks about programmable 
logic controllers (PLC's); they are electronic based control systems widely used in industry. 
Embedded systems started to replace them now. 
      The fourth chapter talks about hardware description of the Standard Europe Personal 
Computer (STEpc); it is used here to control this machine.  
      The fifth chapter talks about the Input/Output interface boards attached to the rack and 
they communicate through STE bus with the computer to control the machine. 
       The sixth chapter talks about the cabinet construction, the material used in the 
construction and details of the cost.   
       The seventh chapter talks about the development of the software for this machine.  
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       The eighth chapter is a conclusion for the project; it talks about the advantages of the 


















Chapter Two: OPERATION OF THE PRINTING              
MACHINE (NUMEROTA) 
         2.1 What is the Numbering Machine? 
         The Numerota is a sheet fed letter press numbering machine, specially made for the 
requirements of manufacturing securities and used for printing numbers, signatures and text 
parts. This press is made up of four printing units, as shown in figures (2.1) and (2.2): 
1. The feeding unit. 
2. The registration unit. 
3. The printing unit. 
4. The delivery unit. 
 
 













Figure 2.2 Numerota Machine 
         2.2 The Feeding Unit 
The type of the feeder on this press is a sheet–fed type, as shown in figure (2.3). The trip 
of the sheet in the press starts from the “in feed pile” in the feeder, then it goes through 
registration unit to the printing unit, and finally the sheets are collected in two piles in the 
delivery unit. 
 
            Figure 2.3 Press with a Pile Feeder 
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The feeder is an air vacuum device; it has two motors, limit switches and mechanical 
latches. 
2.2.1 Operation of the Feeder 
Before the press is started, a pile of paper is placed on the table of the feeder, and then the 
table is raised to a predetermined height. On starting the press, an air blast separates the few top 
sheets on the pile. The suckers-feet pick up the top sheet and deliver it to the registration unit. 
The sheets are fed one by one, and each sheet reaches the registration unit at a precise moment 
for registration. 
While the removal of the sheets continues from the pile, the table of the feeder is raised 
automatically to keep the height of the pile constant under the suckers-feet for consistent 
feeding. 
During the feeding of the sheets, the suckers-feet pick up the upper sheet and push it for a 
short distance, where it is received by pull-in wheels that place it squarely in a conveyor belt 
system on the board of the registration unit. 
 
Figure 2.4 Feeder with Double-Sheet Detector 
 
               
         If multiple sheets leave the feeder at the same time, poor printing, jamming, or damage to 
the printing unit may occur. To avoid this problem, a double sheet detector switch is installed at  
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the beginning of the registration board. It can be adjusted to the thickness of any type of paper. 
If double sheets are detected, a contact in the switch will open, which can be used to stop the 
feeder or eject the double sheet, as in figure (2.4). 
2.2.2 No-Stop Operation 
The above process of sheet feeding continues until the pile is finished. If the printer 
wants to continue production, he has to stop the feeder, make another pile of paper and restart 
the feeder. There is a way used to save time by running the feeder and the machine 
continuously. This is achieved by using an auxiliary pile driven by a separate small motor. 
Before the first pile of paper is finished and while the machine is running in production, the 
printer has to insert temporary steel bars under the main pile instead of the piece of wood, and 
then the piece of wood is put on the auxiliary pile to make the new table. A pile of paper is 
made on this new table, and then the auxiliary pile is raised until its top touches the bottom of 
the main pile. Then, the temporary steel bars are removed. Thus, the two piles of paper are 
combined together as one pile, and the machine continues in production without stopping. 
2.3 Registration Unit 
Registration is the process of controlling a sheet before it enters the printing unit, to get 
image position consistency in every printed sheet. In our machine, the goal of registration is to 
print the two serial numbers in the exact position in every printed banknote, as shown in figure 
(2.5). 
 
Figure 2.5 Banknote Showing the Upper and Lower Serial Numbers 
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            As the sheet enters the registration unit, it is halted by the head stop, then the rotary 
motion of the pull guide for proper positioning pulls it, then the head stop moves out of the way 
so that the sheet can enter the printing unit. 
 
Figure 2.6 Two Point-Pull Rotary System 
 
In this press, a two point-pull rotary system is used for registration, see figure (1-6). 
2.4 The Printing Unit 
The goal of the printing unit is to place ink on the numbering units, and then to transfer 
image to the paper and finally to deliver the paper to the delivery unit. The printing unit for this 
press is made up of two parts:  
1. The Cylinder system 
2. The Inking system 
2.4.1 The Cylinder system 
The cylinder system is made up of three groups, as in figure (2.7). 
1. Upper Numbering Cylinder 
2. Impression Cylinder 




Figure 2.7 Three Cylinder Configuration 
 
The numbering units are fixed in the numbering cylinder  .s  The function of the 
numbering cylinder is to hold the numbering units and revolve them in contact with the 
impression cylinder during the printing process. The ink from rollers contacts the numbering 
units in the numbering cylinder. Consequently, the numbers in the numbering units are inked. 
Then a sheet is fed between the numbering cylinder and the impression cylinder, and then the 
images of the numbers are transferred to the paper. The grippers in their way to the delivery 
unit receive the paper. 
2.4.2 The Inking Unit 
         The function of the inking unit is to transfer a uniform thin layer of ink to the numbering 
units. The ink is stored in a reservoir and then fed in small quantities through different types of 
rollers. During this process, the ink is worked into semi liquid state, and then the thin layer of 
ink is received by the last rollers, and then uniformly transferred to the numbers in the 
numbering units. [1] 
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2.5    The Delivery Unit 
The goal of the delivery unit is to grab the paper from the printing unit and to place it in 
an out-feed table. 
 
Figure 2.8 Chain Grip Delivery System 
 
The type of delivery system used in this press is the chain gripper system see figure (2.8). 
It is made up of two closed loops of chains. There are bars fixed across the two chains, the 
grippers are fixed on the bar. When the sheet leaves the printing unit, it is front edge is grabbed 
by the grippers, pulled out of the printing unit and dropped on the two delivery tables of the 
press, then the grippers move back to receive another paper. At the end, a neat stack of paper is 
formed on the two delivery tables. The chain of the gripper system moves at the same rate of 
the printing unit, registration unit and the feeder unit. That means the three units move in 
synchronization 
        To understand the original operation of the Numerota printing press, discussion took place 
with the mechanical engineers and the printing press operators, and then a conceptual sketch 



































































C h a p t e r  T h r e e :  T H E  P I D S  A N D  T H E  P L C S  
C O N T R O L L E R S  
            3.1 What are the PIDS and the PLCS? 
 
  The PIDs and the PLCs are electronic controllers. They are widely applied in control systems 
of industry. The PIDs are used in this project in the converter, which is used to control the DC 
motor of the printing press. The PLC is an industrial computer that has much similarity to the 
embedded computer, which is used to control the printing press. They will be explained in this 
chapter.  
 
           3.2 The Proportional, Integral, and Derivative controllers  
One of the simplest and earliest controllers based on an electronic system is the 
proportional (P), integral (I) and derivative (D) and their various composites (PI, PD, and PID). 
Their composites have a wide range of applications; they can be used in shrink-wrapping 
machinery, gluing equipment, labellers, furnaces and ovens. They can also be used on 
machinery for the semiconductor and printed circuit board industry, such as clean rooms, burn-
in equipment, and soldering machinery. 
Here the discussion will be about the characteristics of each of the individual controllers, 
and their various composites. Examples will be given by applying them and their composites to 
a unity feedback system to get the required response. 
3.2.1 Feed Back System 
 
 
              Figure 3.1 Feed Back System 
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To make things clear, first we will explain how the composite PID controller works in a 
closed loop system then the explanation of the individual controllers and their composites will 
follow. 
 The equation of the PID controller is: 
                                         ----------  (3.1) 
KP = Proportional Gain. 
Ki = Integral Gain. 
Kd = Derivative Gain. 
To get the transfer function of the PID controller; taking Laplace transform for the PID 
equation will give: 







++=++                                ------ (3.2) 
Using the schematic in figure (3.1) for a feed back system,  
Plant: system to be controlled 
Controller: designed to control overall system behavior. 
 (e) Represents the tracking error; the difference between the desired input value (R) and 
the actual output value (Y). The error (e) will be sent to the PID controller to compute the 
proportional, integral and derivative of this error signal, so the input (u) will be: - 
dt
de
dIP KedtKeKu ++− ∫ ------ (3.3) 
The signal (u) will be sent to the plant, and a new output (Y) will be obtained. This new 
output will be sent to the sensor to compute the new error signal (e). The controller will receive 
this new error signal and compute the proportional, integral and derivative of the error signal. 
The process will go on and on. 
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3.2.2 On-Off Control 
On-off control is the simplest form of control; almost all domestic thermostats in ovens 
use it. When the oven temperature is below the set point, the heater turns on at maximum 
power. When the oven is hotter than the set point temperature, it is switched off completely. 
The turn-on and turn-off temperatures are made to differ by a small amount known as hystersis 
in order to prevent noise from switching the heater rapidly and unnecessarily when the 
temperature of the oven is near the set point. 
3.2.3 Proportional Mode 
The above two-position mode 100% or 0% is depending on the error being greater or less 
than the neutral zone. In proportional mode, where more divisions of controller output versus 
error are developed, a smooth linear relationship between error and controller output exists. 
That means each value of error has a unique value of controller output; it is a one to one 
correspondence. This mode can be expressed by the equation: - 
op PeKP += ------ (3.4) 
• Kp = proportional gain between error and controller output. 
• e = Difference between set point and the measured value. 
• Po = controller output with no error (%). 
The error (Kpe), in equation (3) expressed by using the difference between the set point 
and the measured value, will be negative and subtracted from Po, if the measured value exceeds 
that of the set point value. When the error is positive, it will be added to Po. 
3.2.3.1 Offset 
The proportional controller has an important characteristic, that it produces a permanent 
residual error in the operating point of the variable, this error can be minimized by using a large 
value of Kp. Due to one to one correspondence between error and controller output, zero error 
can never be achieved instead the system produces a small permanent offset. 
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3.2.3.2 Applications 
The offset error limited the use of proportional controller; it is used where the 
proportional band can be made very small (large Kp) which reduces the offset error. 
Proportional band is the range of error to cover from 0% to 100% controller output 
(PB=100/ Kp). 
Here the proportional mode acts just like an on-off switch.  
We will apply the proportional controller to the transfer function of a unity feedback 
system for the following example to get the desired response. 
Suppose we have a simple mass, spring, and damper problem shown in Figure (3.2): 
 
Figure 3.2 Simple mass, spring, and damper problem 
The modeling equation of this system is: 
= f (t)        ----- (3.5) 


































sX                ------- (3.7) 
To make things clear, let us first see the open step response, by creating a new m-file in 
matlab commands: 
• Num =1 
• Den  =[1 10 20] 
• Step  =[num, den] 
By running this m-file in matlab command window, it will give the plot shown below:  
 
      Figure 3.3 Proportional Open-Loop Graph  
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Referring to figure (3.3), the final value of the output to a unit step input is .05; this 
corresponds to a steady state error of .95, which is quite large indeed, the rise time is about one 
second and the settling time is about 1.5 seconds. 
By applying the proportional controller to the closed loop transfer function of the 










+++=               ------ (3.8) 




• den=[1 10 20+Kp]; 
• t=0:0.01:2; 
• step(num, den, t) 
          Running this m-file in the Matlab command window, we should get the following plot: 
                                    
                                            Figure 3.4 Proportiomal Closed-Loop Graph 
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          If we compare plot in figure (3.3) by plot in figure (3.4) we will see that the steady state 
error and rise time have been reduced dramatically, also the settling time have been reduced by 
small amount, but the overshoot increased. 
The proportional controller is used in temperature controllers.   
3.2.4 Integral Control Mode 
In the beginning of process control, the controllers were proportional only, it was a great 
innovation for use in basic processes which didn’t need precise control, for example for 
controlling a temperature in a steam chamber instead of turning a valve by hand to control the 
flow of steam to get the required temperature, a proportional controller was used.  
As said before the proportional controller has an offset error that can overshoot or under 
shoot the controlled process. The proportional offset would vary in size from process to process 
or even from set point to set point. 
As the requirement for precise control became more demanding, Foxboro Company 
invented The Integral or Reset controller, the Reset Controller is used to eliminate the steady 
state error. 
Analytically Integral mode can be represented as follows: - 
 pi eKdt
dp =                       ------------ (3.9) 
Where =
dt
dp rate of controller output change 
Ki = constant relating the rate to the error (%/s)/%; percentage change per second per 
percentage error. 
By integrating equation (8), we get the following: - 
∫ += )0()()( PteKtP pi                -------- (3.10) 
P (0) = controller output at t = 0. 
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Equation (9) shows that: - 
• If the error is zero, the output stays fixed as it was, when the error went to zero. 
• If the error is not zero, the output will start to increase or decrease at a rate of Ki  percent 
per second for every 1% of error. 
• Integral mode cannot be used alone, but can be used for systems with small process lags 
and small capacities. 
3.2.5 Proportional Plus Integral Controller (PI) 
The PI controller is composed of the proportional and the Integral Controllers connected 
in series. Analytically it can be represented by adding equation (3.4) and (3.9) 
∫ ++= )0()()( PteKeKtP PiP          -------- (3.11) 
By applying the PI controller to the previous system, the transfer function for the closed 











23         --------- (3.12) 
Let: - 
• Kp  =30 
• Ki =70 
Create a new m-file and enter the following commands: 
Let: - 
• Kp  =30 
• Ki =70 
• num = [ Kp  Ki ] 
• den = [1 10 20+ Kp  Ki ] 
• step (num, den, t) 
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We have reduced Kp to 30 because proportional controller also increases the overshoot 
and reduces the rising time as integral controller does, if we haven’t done so it will be double 
effect. 
By running this m-file in Matlab command window, we get the following plot:  
 
 
                 Figure 3.5 PI Closed-Loop Graph 
The plot in figure (3.5) shows that PI controller has the effect of decreasing the rise time; 
increasing the settling time and eliminates steady state error.  
3.2.6 Derivative Controller Mode 
Derivative controller was developed because, it was noticed that, in some processes even 
with good PI tuning, the response to process upsets is very slow and some times out of control. 
Derivative controller helps the PI tuning function to respond to process upsets according to the 
rate of change of error. 
Derivative mode cannot be used alone, because if the error is constant or zero the 
controller output will be zero.  
Analytically the derivative mode can be expressed as follows: -  
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Pd edt
dKP =         --------- (3.13) 
Kd = derivative gain constant 
=pedt
d rate of change of error 
3.2.7 Proportional plus Derivative control (PD) 
The second composite controller is the PD controller it has many applications in the 
industrial field, this controller can be represented analytically by combining equation (3.4) and 
(3.13): - 
opdpp Pedt
dKeKP ++=                               ------- (3.14) 











+=               -------- (3.15) 
To see the response of this composite controller, let us substitute the following values, 
which were obtained after trial and error: - 
• KP=300; 
• Kd=10; 
• num=[ Kd KP] 
• den=[1 10+ Kd  20+ KP]; 
• t=0:0.01:2; 
• step(num, den, t) 





               Figure 3.6 PD Closed-Loop Graph 
Referring to the above plot in figure (3.6), the Derivative controller has reduced 
dramatically both the settling time and the overshoot, but it had small effect in the steady state 
error and the rise time. 
3.2.8 Proportional plus Integral plus derivative mode (PID)  
This powerful and complex mode has wide application in the industrial field, to find the 
effect of this three terms controller in a closed loop system, we will apply it in the previous 
system. [19] 













 ---------- (3.16) 
After many trials and errors, the suitable values for the three gain parameters are: 
• Kp = 350 
• Ki = 300  
• Kd = 5500 
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To get the step response enters the following commands to an m-file and run them in the 
command window: - 
• Kp = 350 
• Ki = 300 
• Kd = 5500 
• num=[ Kd  Kp Ki] 
• den=[1 10+ Kd  20+ Kp  Ki] 
• t = 0: 0.01:  2 
• step = (num, den, t) 
We should get the following plot: - 
 
                Figure 3.7 PID Closed-Loop Graph 
Referring to the plot in figure (2-7) by applying the three-term controller we got a system 
with 
• No steady state error  
• No overshoot 
• Fast rise time 
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Nowadays the PID controllers have the features of auto tuning to set automatically the 
optimum PID parameters for the application. 
  3.3 The Programmable Logic Controllers 
3.3 .1 What is the Programmable Logic Controller (PLC)? [2] 
.         The PLC is an industrial computer invented to replace the necessary sequential relay circuits 
used for machine control. The PLC operates by continuously looking at its inputs states. Following 
the user instructions stored in it, it turns on or off its outputs. Inputs may be sensors, limit 
switches, push buttons, etc... Outputs may be solenoids, motor starters, etc. 
A PLC has a basic structure, as in figure (3.8). It has four main units: 
1. The Code Segment Memory – stores the CPU’s microcode instructions for the 
logical control sequence, which controls the operation of the machine. 
2. The Data Segment Memory – stores the status of the machine’s switches, interlocks, 
past values of data and other working data that is used by the logical control sequence stored in 
the code segment memory. 
3. The output devices; are hardware or software drivers for the industrial process 
actuators, such as solenoids, switches, motors and valves. 
4. The input devices; are hardware or software drivers for the industrial process 
sensors such as switches, sensors, proximity detectors, and so on. 
3.3.2 History of PLCs 
In late 1960s, the American car manufacturer General Motors was intended to replace its 
relay based control system by a computer based control one. The major reasons for the 
replacement were: 
• The production requirements were subjected to changes, and so was the control system. 
To change the relay based control system would have been very expensive. 
• Troubleshooting was complicated and tedious, especially if many relays were involved 
in the control system. 
• Relays have too many problems and a limited lifetime, which required strict adhesion to 
maintenance schedules, so there is much time lost in stoppage for maintenance. 
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In 1969, General Motors produced specifications for the industrial computer. They were 
as what follows: 
• The inputs of the industrial computer should be connected to vast number of devices. 
Some of these input signals were analogue and most of them single bit, on or off, and digital 
signals. 
• Similarly, there should be a large amount of digital and analogue outputs to operate the 
actuators. 
• Operations of the actuators should depend on the state of the inputs coming from the 
devices and the user instructions stored in the computer. 
Bedford Associates (later called MODICON) responded to General Motor’s 
specifications and produced a system called a Modular Digital Controller (MODICON). The 
MODICON 084 brought the world’s first PLC into commercial production, as in figure (3.8). 
  
         Figure 3.8 (a) an Early PLC, (b) a Typical Rack of Cards. 
          In the mid 1970s, the most dominant PLC technology was the bit-slice based CPU. The 
conventional microprocessors lacked the power to solve quickly the logic problems of PLCs in 
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all but the smallest PLCs. As conventional microprocessors developed, larger PLCs were being 
based upon them. Modicon built a faster PLC during this period. 
In 1973, the need for communications between PLCs began to appear. Modicon 
produced the first Modbus, which enabled PLCs to be far away from the machine they were 
controlling and allowed them to talk to each other. In addition, they used to send and receive 
varying voltages that allowed them to enter the analogue world; but the lack of standardization 
and the continuously changing technology of PLCs have made PLC communication a 
nightmare. 
In 1980s, the standardization of communications began with General Motors. They 
developed the manufacturing automation protocol (MAP), also PLC sizes were reduced and 
PLC software became programmable through symbolic programming on personal computers, 
instead of using a hand held programmer. 
In the 1990s, there was a gradual reduction of introducing new protocols; but those 
produced in the 1980s had seen modernization. 
In addition, there was development in the programming techniques. Function block 
diagrams, instruction lists, C language and instruction texts were used. 
During this period, the PC was used to replace the PLC. General Motors Company was 
the first company to commission the MODICON 084 PLC. It has now been replaced to a PC 
based control system. 
3.3.3 Input/Output Connections 
Internally, a PLC operates at five VDC; but the external devices, like motor starters, 
solenoids…etc., operate at voltages up to 240 VAC. If, for any reason, interference occurs 
between the two voltages, severe damage will occur to the electronics of the PLC. In addition, 
electrical noise will generate from load currents or voltage spikes on signal lines flowing in the 
neutral or return lines. Moreover, if there is any difference in the earth potential between PLC 
cubicles and the plant, problems could occur. 
For the above-mentioned reasons, the PLC supplies must be separated from Plant 
supplies, so that PLC electronics are not to be affected by problems happening in the plant. 
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This can be achieved by connecting optical isolators. It consists of a light emitting diode linked 
with a photoelectric transistor as shown in figure (3.9-a). When current passes through the 
diode D1, it emits light causing transistor TR to switch on. Since there is no electrical 
connection between the diode and the transistor, a good isolation is achieved (1-4KVolt). 
 
Figure 3.9 Optical Isolation Inputs ; (a) An optical 
Isolator, (b) DC Input Card, (c) AC Input Card. 
3.3.3.1 Input connections 
For example, if we have a DC input as in Figure (3.9-b) above, when the pushbutton is pressed, 
current will pass through D1 causing TR1 to switch on passing the signal to PLC logic. Diode 
D2 is light emitting and is used as indication for the availability of the input (faultfinder). The 
resistor R sets the voltage range of the input. Usually, DC input cards are available with three 
voltages 5V (TTL), 12-24V, and 24-50V. 
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Another example for AC input in figure (3.9-c) above, is the bridge rectifier, which is 
used to convert AC to full wave rectified DC. Resistor R2 and capacitor C1 act as a filter, and 
LED1 acts as faultfinder for the input signal. Figure (3.10) shows a PLC input card. 
 
Figure 3.10 Wiring of an Input Card 
 
3.3.3.2 Output Connections 
Output connections also need some form of isolation barrier to protect the PLC 
electronics from the inevitable plant faults. In addition, the microprocessor needs this isolation 
to protect its operations from corruption caused by electrical noise. 
Interference in the output cards is a big problem because the cards control high currents 
and the loads themselves are often inductive, like solenoids and contactors, etc. Optical 
isolation again is the best type of isolation to be used in order to give complete separation 
between the PLC electronics and the plant.  
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Using a transistor output circuit is more reliable than a relay output circuit, because the 
relay is an electromechanical device with moving parts and hence it has a finite limited life, and 
the inductive load of the relay generates troublesome interference. Figure (3.11) shows an 
output card. 
 
              Figure 3.11   8-way Output Card 
 
3.3.4 Timers  
Most control systems use timers. Therefore, a PLC must include timers as part of its 
basic functionality. There are many types of timers. The most common are: 
• On delay 
• Off delay 
3.3.4.1 On Delay Timer 
         With this type of timer, a zero to one transition is delayed for a preset time T; but one to 
zero transitions is not delayed at all. An input signal shorter than T is ignored. See figure (3.12-
a). 
The timer can be applied in a star-delta starting for big motors. 
  30
 
Figure 3.12 (a) Non-Retentive Timer, (b) Retentive Timer 
             
          3.3.4.2 Off Delay Timer 
In figure (3-6b), the off delay passes a zero to one transition instantly; but a one to zero is 
delayed for a preset time. The common use of an off delay timer is to eliminate noise from an 
input signal. 
Whatever the type of the timer, some values have to be set by the programmer or user, 
like the basic unit of time (i.e. 10ms, 100ms, etc.), and the timer duration or preset value. This 
is normally set in terms of the time base. A timer with a preset value of 150 and time base of 
10ms will last for 1.5 seconds. 
The accumulated time in the timers discussed here, always changes to zero each time the 
input changes to zero. This is known as a non-retentive timer. Most timers in PLCs are of this 
type. 
Sometimes it is useful to have a timer, which holds its current value even though the 
input signal has gone. When the input signal occurs again the timer starts from where it has 




Counting is an important feature of many PLCs. For example, a PLC may be required to 
count a number of items in a batch or record the number of times an event occurs. 
In figure (3-7), a counter is represented. There are two numbers associated with the 
counter; the first one is the count itself, which is the accumulated value. It will be increased 
when a zero to one transition is applied to the count up input or decremented when a zero to 
one transition is applied to the count down input. The accumulated value can be reset to zero by 
applying a zero to one transition to the reset input. The value of the counter or accumulated 
value can be read and used by other parts of the program. 
The second number is the preset value and is considered as the target for the counter. If 
the count value reaches the preset value, a count complete or count done signal is given. This 
signal can be used for controlling a plant. For example, in the Banknote numbering machine, 
there are two tables in the delivery unit. The machine deposits 250 sheets in the first table, and 
then the flow of paper shifts to the second table for depositing a new 250 sheets of paper. 
During this time, the operator empties the first table to make it available for yet another new 
250 sheets of paper. This process continues during production.[2] 
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Figure 3.13 Up/Down Counter (a) Diagram, (b) Operation 
        
         In older control systems, a separate preset counter with other electronics controls this 
process. Those other electronics can now be replaced by a photocell connected to an input of a 
PC. 
         3.3.6  Remote I/O 
As stated earlier, a PLC consists of a processing unit and a collection of I/O cards. 
Manufacturers provide the ability to mount this I/O cards remotely from the processor in racks, 
and link these racks with single pairs of fiber optic cabling. Racks can be mounted up to several 
kilometers away from the processor. This has many advantages. It reduces cable costs as racks 
can be laid out local to plant devices and only short multi-core cable runs are needed. The long 
runs are only needed for the communication cable, which is cheap and only have a few cores to 
terminate at each end. 
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3.3.7 Programming the PLC 
A PLC has a programming unit, which is used for programming it. This is either a special 
module, a PC connected to the PLC by the serial link, or both. The programming unit is used to 
build, test and edit the logical sequence that the PLC executes. Following are two of the most 
popular programming methods. 
3.3.7.1 Ladder diagrams programming 
The most radical idea used for programming was a programming language based on a 
relay schematic diagram. The inputs are represented by relay contacts, and outputs are 
represented by relay coils. Figure (3-8a) shows a simple hydraulic cylinder, which can be 
extended or retracted by pushbuttons. Limit switches, which open at the end of travel, set its 
stroke and the solenoids can only be operated if the hydraulic pump is running. This can be 
controlled by a PLC program as illustrated in figure (3-8b), which is similar to the relay circuit, 
needed to control the cylinder. These programs look like the rungs on a ladder. Accordingly, 
they are called ladder diagrams. At the basic level, PLCs are programmed in a simple form of 
assembly code. Each manufacturer has its own standards and definitions for these codes. 
 
Figure 3.14 (a) Hydraulic cylinder, (b) Ladder program used to control the cylinder 
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          3.3.7.2 Sequential Function Charts programming 
There are other programming languages, like Sequential Function Charts (SFCs); it has 
been developed to accommodate the programming of more advanced systems. This is similar to 
flowcharts, but much more powerful. 
The example in figure (3.14) is doing two different things. To read the chart, start at the 
top at the point of start. Below this there is the double horizontal line that says, follow both 
paths. As a result, the PLC will start to follow the branch on the left and right hand sides 
separately and simultaneously. On the left, there are two functions; the first one is the power up 
function. This function will run until it decides that it is done. The second one is the power 
down function, which will come after the first one. On the right-hand side is the flash function; 
this will run until it is done. These functions look unexplained, but each function, such as 
power up will be a small ladder logic program. This method is much different from flowcharts 
because it does not have to follow a single path through the flowchart. 
 
Figure 3.15 Example of a Sequential Function Chart 
           3.3.8 Advantages of the PLC control 
• For the traditional control system, the design has to be complete before construction can 
start. For a PLC system, all that is needed is a vague idea about the size of the machine, the 
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number of inputs and outputs required, and the voltage, the current and the frequency ratings of 
the input and output devices in the machine. 
• The construction of the traditional system is hard work; there are inevitable delays and 
costs. A PLC system is built from standard parts and the I/O cards are cheap, so a healthy spare 
capacity can be built. During this time the writing of the PLC software can be started. 
• The installation of the traditional system is a tedious and an expensive work; sensors, 
pushbuttons, limit switches, relays, actuators, and operator controls are to be wired. Whereas a 
PLC system uses serial links and pre-built desks and the relays are replaced by software. This 
simplifies installation and brings huge cost benefits. 
• In commissioning a plant, there must be some oversights, because of human nature 
being what it is. Therefore, no plant ever works the first time; changes are always needed. In 
the traditional system, these changes are time consuming and expensive. The designer of a PLC 
system has the chance to build in spare memory capacity, spare I/O and a few spare wires in 
multi-core cables. Thus, changes can be made quickly and relatively cheap. 
• All plants have faults, which cause stoppage and loss of production. A PLC system 
provides a very powerful tool for assisting in the maintenance of these faults, which starts once 















C h a p t e r  F o u r :  P C / 1 0 4  H A R D W A R E                  
D E S C R I P T I O N  
 This chapter describes the hardware of the new embedded based control that will replace 
the old relay based control system. 
4.1 What is an Embedded System? 
An embedded system is any electronic system that uses a CPU chip, but that is not a 
general-purpose workstation, desktop or laptop computer. Such systems generally use 
microprocessors, or they may use custom-designed chips or both. They are used in 
automobiles, planes, trains, space vehicles, machine tools, cameras, consumer and office 
appliances, and other handheld devices as well as robots and toys. [5] 
In embedded systems, traditionally, the software was permanently set into a read-only 
memory such as a ROM or flash memory chip, in contrast to a general-purpose computer that 
loads its programs into RAM each time. However, nowadays, modern embedded systems, 
which are usually implemented with a single board, multi-purpose PC, operate under an 
embedded operating system (e.g. Windows CE, Embedded Windows XP, Embedded Linux, 
etc.), and thus functioning the same as a general-purpose computer, but used for a specific 
application such as the control of an industrial plant. Sometimes, single board and rack 
mounted general-purpose computers are called "embedded computers" if used in this way. 
An embedded system is a real time system; it has the ability to make certain decisions in 
a timely manner. These decisions have a deadline for completion. 
The issue of what happens if a dead line is missed is a crucial one. For example, if the 
real time system is part of an airplane’s flight control system, it is possible for the life of the 
passengers and crew to be endangered by a single missed dead line. However if the system is 
evolved in a satellite communication, the damage could be limited to a single corrupt data 
packet. 
Embedded software unlike software of general-purpose computers cannot be run on other 
embedded systems; it needs significant modifications. This is due to the variety in the 
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underlying hardware. The hardware in each embedded system is tailored specifically to the 
application, in order to keep system costs low. 
For upgrading the control of this machine, an embedded system called Arcom Embedded 




• Inputs and outputs. 
• Peripheral components. 
• Software. 
 
Figure 4.1 AMD (American Micro Devices) SC400 Single Board PC 
4.2 Hardware components 
4.2.1 Processor 
The AMD Elan (SC400) processor is an Am486 class processor without a floating-point 
unit. 
It is a fully integrated PC/AT (Personal Computer Advanced Technology (IBM)) 
compatible architecture. The SC400 is a 32-bit x86 compatible device. A 100MHz-processing 
unit is used on the ELAN-104NC. The processor has a single supply rail and is powered from 
+3.3V. This voltage is generated on the ELAN-104NC from the main +5V supply input. The 
SC400 processor is packaged in a 256 pin Ball Grid Array. The SC400 processor is a low 
power device and no heat sink is required for this device the ELAN-104NC without a heat sink, 
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the processor can operate at ambient temperatures up to 70°C, when run at 66MHz or  50°C, 
when running at 100MHz. [6] 
4.2.2 Types of Memory devices  
Memory is thought of as being either random – access (RAM) or read – only (ROM); but 
in fact, there are subtypes of each and even a third class of hybrid memories. In a RAM device, 
the data stored at each memory location can be read or written, as desired. In a ROM device, 
the data stored at each memory location can be read at will, but never written. In some cases, it 
is possible to overwrite in a ROM – like an electrical erasable ROM device. Such devices are 
called hybrid memories, because they exhibit some of the characteristics of both RAM and 
ROM. 
4.2.2.1 RAM family 
There are two important memory devices in the RAM family: DRAM and SRAM. The 
main difference between them is the lifetime of the data stored. DRAM (dynamic RAM) is the 
type of memory chip used for most of the main memory in a modern PC. Its main advantage is 
that it is very dense; that mean you can load many bits into a very small chip. The memory cells 
in a DRAM chip are tiny capacitors that retain a charge to indicate a bit. The problem with the 
DRAM is that it is dynamic and because of the design, it must be constantly refreshed or the 
electrical charges in the individual memory capacitors will drain and the data will be lost. It has 
an extremely short data lifetime, usually less than a quarter of a second. However, a simple 
piece of hardware called a DRAM controller can be used to make DRAM greatly increase the 
data life. The job of the DRAM controller is to refresh periodically the data stored in the 
DRAM. By refreshing the data several times a second, the DRAM controller keeps the contents 
of memory alive for as long as it is needed. In our embedded system, a battery backs up the 
DRAM, and it is fitted with 16MB of DRAM. 
On the other hand, SRAM (static RAM) is designed such that every bit stored in a cluster 
of eight transistors. The use of transistors instead of capacitors means that refresh rates are not 
necessary, because there are no capacitors to loose their charges over time. SRAM retains its 
contents as long as the electrical power is applied to the chip. However, if the power is turned 
off or lost temporarily, then its contents will be lost forever. It is much faster than DRAM. It 
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has a lower density than DRAM. SRAM keeps pace with processors running at 500 MHz or 
more. 
4.2.2.2 EDO DRAM 
EDO (Extended Data Out) RAM consists of specially manufactured chips that allow a 
timing overlap between successive accesses. The name Extended Data Out refers specifically to 
the fact that the data output drivers on the chip are not turned off when the memory controller 
removes the column address to begin the next cycle. This allows the next cycle to overlap the 
previous one, saving approximately 10 ns per cycle. 
The effect of EDO is that, cycle times are improved by allowing the memory controller to 
begin a new column address instruction while it is reading data from the current address. EDO 
RAM is ideal for systems with bus speeds of up to 66MHz. This memory device is installed in 
our embedded system and it is used for system memory. 
4.2.2.3 ROM Memory 
There are three types of ROM: PROM (Programmable ROM), EPROM (Erasable 
PROM), and EEPROM (Electrically Erasable PROM). 
PROM cannot be changed after being recorded once. EPROM allows manufacturer to 
remove one set of instructions in exchange for another set. EEPROM is upgraded by 'flashing' 
the chip and is called Flash ROM. This is done with the help of a special software program that 
stores new data on the chip. The term Flash refers to the fact that the entire content of the 
memory chip is erased in one-step. 
4.2.2.4 Hybrid type 
There are now several types of memory, which combine the best features of both RAM 
and ROM memory devices. These devices do not belong to either group. They can be 
collectively referred to as hybrid memory devices. Hybrid memory can be read and written as 
desired, like RAM; but maintain their contents without electrical power, just like ROM. 
EEPROM’s are electrically erasable and programmable. Internally they are similar to 
EPROM’s; but the erase operation is accomplished electrically, rather than by exposure to 
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ultraviolet light. Any byte within an EEPROM can be erased and rewritten. Once written, the 
new data will remain in the device forever or at least until electrically erased. 
Flash memory is the most recent advancement in memory technology. It combines all the 
best features of the memory devices. Flash memory devices are high density, nonvolatile, fast 
(to read, but not to write), and electrically reprogrammable. Its advantages are overwhelming 
and the use of flash memory has increased dramatically in embedded systems as a direct result. 
From a software viewpoint, flash and EEPROM technologies are very similar. The major 
difference is that Flash devices can be erased only one sector at a time, not byte by byte. 
Despite this disadvantage, Flash is much popular than EEPROM and is rapidly displacing 
many of the ROM devices as well. EEPROM and Flash are the two types of the hybrid devices 
used in our embedded system. 
The ELAN-104NC board supports up to 8MB flash memory. This memory is configured 
as a read/write silicon disk drive. The flash drive uses a 32KB memory window to access the 
device and two I/O address locations are used to select the appropriate flash area. The FLASH 
status LED will illuminate whenever the Flash drive is accessed. 
4.3 Real Time Clock 
The ELAN-104NC uses the Real Time Clock internal to the Elan SC400. The date and 
time functions are stored in the real time clock when the main power is removed if the battery 
backup supply is enabled. 
The battery backup circuit maintains the Real Time Clock and CMOS settings when the 
main power input is disconnected. A lithium cell provides the battery backup supply and has a 
capacity of 170 mAH. This battery will provide sufficient support for at least 3 years 
continuous backup. If the main supply is present on the board the battery is automatically 
disconnected from the Real Time Clock circuitry. 
The accuracy of the Real Time Clock is based on the operation of the 32.768 KHz watch 
Crystal. This will provide an accuracy of +/- 1 minute per month if the board is in an ambient 
environment of +25°C. When the board is operated outside this temperature, the accuracy may 
be degraded. 
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4.4 Watchdog Timers 
The ELAN-104NC contains two independent watchdog timers, which can be used to 
protect against application software conditions that may cause the ELAN-104NC to 'hang'. The 
watchdog timers, once started, will trigger a CPU reset if they are not re-triggered within a set 
timeout period. 
The watchdog timers can be disabled permanently by removing jumpers on the board one 
corresponding to each timer. 
4.5 PC/104 Interface 
The PC/104 interface supports 8/16 bit ISA (Industry Standard Architecture) style 
PC/104 signals. Add-on boards can be used to enhance the functionality of the main board. A 
large number of companies have adopted the PC/104 standard and boards are available which 
support a wide range of interfaces. This bus can be used to add digital I/O, analogue I/O, serial 
ports, video capture devices, PC CARD interfaces, motion control devices etc. 
Any board plugged into this interface will be accessed as if it were part of the main 
board. Therefore, it may conflict with I/O and memory devices onboard - if it has not been 
configured. Before using an expansion board, it should be checked that it could be configured 
to work alongside the peripherals already incorporated onboard. The PC/104 bus signals are 
fully compatible with the ISA bus electrical timing definitions. 
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C h a p t e r  F i v e :  S T E / P C  I N P U T / O U T P U T  
I N T E R F A C E  B O A R D S  
This chapter explains the characteristics of the embedded controller’s I/O boards used in 
this system. The type and the number of I/O boards used are: 
1. One ST-SER4 is used for interface between STEpc and I/O boards. 
2. Two ST-ANALOGUE-IO boards, one is used as output for running the main motor, 
and the other is used as an output for inching the main motor. 
3. One ST -IN32 is used as an input board for monitoring the input signals from the 
machine. 
4. One ST- RELAY16 is used as an output board to control the machine. 
5.1 ST-SER4 Interface Board 
Its function is to serve as an interface between single board computers having a PC/104 
bus (e.g. Arcom's Single Board Computer 104) and STEbus based I/O boards. 
In any STEbus system, the ST-SER4 and its associated Single Board Computer can be 
the only master on the bus. Here the ST-SER4 board acts as a slave, it is used as bridge 
interface connection, and only data passes through it, not addressed. 
5.2 STEBus I/O Addressing 
PC/104 addresses are buffered out to the STEbus without modification. In STEbus 
compatible I/O board must be addressed from 110h -1EFh uniquely. 
                  
Figure 5.1 ST-SER4 Card: 4-CH RS232, with STEbus & PC/104 Interfaces. 
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 If any PC/104 peripheral is accessed using an address in this range, the address will also 
be output on the STEbus and the control lines can function. 
 




Figure 5.3 Conceptual layout of the ST-SER4 Interface Board. 
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          Referring to figure (5.3), the Elan104/NC, which is a PC/104 device, is connected to the 
two parallel connectors labeled PC/104. The ST-SER4 board is then connected into the STEbus 
back plane. Now, the Elan104/NC can be used in an STE system. 
5.3 ST-ANALOGUE-IO Board  
The ST-ANALOGUE-IO is one of STE boards. Here in this project it is only used as 
output board for controlling the speed of the main DC motor, which drives the machine. This 
board has four analogue input channels (voltage or current loop) and 16 single-ended or eight 
differential analogue output channels. 
Opto-couplers are used to provide up to 1000V of isolation between the STEbus and the 
control circuits, as shown in circuit diagrams in figures (5.5) and (5.6). Isolation Between 
adjacent channels is limited to 30V due to the wiring. 
Jumpers are provided to set all of either the analogue output channels as 16 single-ended 
or eight differential channels, and to select the input and output voltage ranges. Here in this 
project the channels connected as single ended and the out voltage gain is set for 10VDC this 
fulfill the requirement of the converter which control the DC motor.  
 
 
Figure 5.4 Multi-ADC/DAC, with STEbus Interface 
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                                                           Figure 5.5 DAC Circuit Diagram 
         5.3.1 DAC Operation 
Each of the four channels uses a 12-bit serial digital to analogue converter (DAC), as 
shown in Figure 5.5; the output of each is buffered to provide both voltage and current outputs. 
The serial data clock and enabled signals are all opto-isolated from the control circuits. DAC 
data is written as two bytes, DAC L-byte and DAC H-byte. Bits 0-3 of the latter contain the 
four MSBs of the data, while bits 4-7 provide channel selection as shown in table 5.1; I/O map.  
During the conversion process, while serial data is being fed to the DAC and channel 
selection circuitry, the Status (/BUSY) bit (see I/O Map) is at logic '0', and writes to the on-
board shift registers are inhibited. This prevents data corruption. If an inadvertent write does 
occur, the write cycle will proceed normally in that the DATACK* signal will be returned, but 
no data will be written into the registers. 






                               Figure 5.6 ADC Circuit Diagram 
Input signals are fed via two 8-channel multiplexers to precision operational amplifiers 
(see Figure 5.6), which buffer the signals to the serial Analogue to Digital converter (ADC). 
These circuits can be configured for single-ended or differential operation. As with the DAC 
circuitry, all ADC data and control signals are opto-isolated from the main control circuits. A 
conversion is initiated automatically after the multiplexer channel data has been written (base + 
1) and the channel enabled. Following a conversion, the ADC data is read as ADC L-byte and 
ADC H-byte as shown in table5.1. Note that the two most significant bits of ADC H-byte will 
always read as logic '1's. Consequently, during subsequent data processing, C000h must be 
subtracted from the 16-bit reading to obtain the actual ADC result. In other words, the 
Analogue to Digital converter value is a 14-bit quantity. 
While a conversion is in progress, the Status (BUSY) bit is at logic '0' and any attempt to 
write to the on-board shift registers are inhibited. 
The board 'access' LED flashes shortly when the board is successfully accessed. The 










0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Select Byte 08 80 09 90 0A A0 0B B0 0C C0 0D D0 0E E0 0F F0  
                         Table 5.2 ST-Analogue-IO Single-Ended Channel Addressing 
                 5.3.3 Connector Pin Assignments 
               
 
                                       Table 5.3 Analog Connector Pin Assignments         
            5.4 ST-IN32 Digital Input Board 
  48
          The ST-IN32 Digital Input Board is one of STE boards; it is used as an input board, it 
provides 32 opto-isolated inputs. The board provides up to 1000V of electrical isolation 
between the STE based control system and the electrical system being monitored. The isolation 
between adjacent channels is limited by the wiring and connectors to 100V. The board is fitted 
with +24V isolated DC/DC converter to provide the excitation supply. The board includes 
jumper options for each channel to use the on board supply and jumpers to select a 10ms input 
debounce filter. 
 
Figure 5.7 ST-IN32 Digital Input Card 
5.4.1 Operation 
The status of each input is read at one of four I/O addresses; the base address, base +1, 
base +2 and base +3. Further, the board has an identification number, which can be read at 
address base +15.  
When an input channel is switched ON the value of the corresponding bit read by the 
controller will be logic ‘0’. Each input is configured as follows: 
 
              Figure 5.8 ST- IN32 Input Channel Isolation Circuit 
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           5.4.2 I/O Map 
 
 
                                      Table 5.4 ST-IN32 I/O Map 
           
          5.4.3 Links 
          5.4.3.1 Address Selection 
 
          Referring to figure (5.9) the base address of the board is set using LK2: A=MSB, 
H=LSB. (LK2A – D sets the first digit and LK2E – H sets the second digit) Inserting a jumper 
selects logic ‘0’ for the particular address bit. 
 
Figure 5.9 ST-IN32 Link Selection Layouts 
5.4.3.2 Input Supply Selection 
LK7-38 in figure (5.9) is used to configure the inputs. Referring to figure 5.8, by placing 
jumpers in positions A & C connects one side of the opto-isolator to the common -ve supply if 
Link 40 is fitted. The Input is then energized by shorting the corresponding Input pin to the +ve 
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supply (source connection). Placing jumpers in locations B, D and Link 39, configures the 
input for common +ve operation. Shorting the Input to the -ve supply energizes the input (sink 
connection) the later connection is used here. 
 
Table 5.5 ST-IN32 Input Supply Selection 
 
 
5.4.3.3 Input Filter Selection 
Each channel can be set to include an input filter to reduce errors caused by switch 
contact bounce. Fitting a jumper at the appropriate link position enables the filter. 
 
 
                               Table 5.6 ST-IN32 Input Filter Selection 
 
        5.4.4 Board Identification 
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        LK1 configures the board ID. Shorting the open circuiting the link gives ID=05H. 
       5.4.5 Input Connector Pin Assignments 
The Input Connector is a 37-way D-Type female connector with the following pin out: 




          5.5 ST-RELAY16 board 
         It is one of the STE- Boards .In this system it is used as an output board. 
ST-RELAY16 board contains sixteen single-pole changeover relays. Five of the relays 
have both their normally closed and normally open contacts brought out to the output 
connector. The remaining 11 relays are fitted with jumpers to allow either the normally open or 
the normally closed contact to be used. The board provides up to 1000V of electrical isolation 
between the STE based control system and the electrical system being controlled. The isolation 
between adjacent channels is limited by the wiring and connectors to 100V. The power 
switching rating for the relay contacts is 60W (resistive load). The relays and board layout are 
designed to switch voltages up to 220V DC (125V AC) and currents up to 2.0A. For safety 




Figure 5.10 ST-RELAY16 Interface Card: 16 Changeover Relays, with STEbus Interface 
5.5.1 Operation 
Each relay is switched by writing logic ‘1’ to the appropriate bit in the relay output 
registers located at addresses base and base +1. The status of these registers can also be read at 
the same addresses. On power up or reset, the relay output drivers are disabled. To enable them 
it is necessary to write 01H to the latches at address base +2 to enable group 1 (relay channels 
CH1-8), 02H to enable group 2 (CH9-16) or 03H to enable both groups. For system 
initialization, it is recommended that the output registers be written with the required relay 
states before the enable bits are set. 
 
  
Figure 5.11 ST-RELAY16 Relay Isolation Output Circuit Diagram 
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         5.5.2 I/O Map 
 
Table 5.8 ST-RELAY16 I/O Map 
 
5.5.3 Address Selection 
The base address of the board is set using LK1; A=MSB, H=LSB. (LK1A – D sets the 
first digit and LK1E – H sets the second digit). Inserting a jumper selects logic ‘0’ for the 
particular address bit. 
 
Figure 5.12 ST-RELAY16 Address Selection Layouts 
5.5.4 Relay Output Selection 
Relay channels CH6-16 can be configured to use either the normally open or the 
normally closed contact. Placing a link in position A, selects the former, in position B, the 
latter. Here jumpers were fitted in potion A to let them be normally open. 
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Table 5.9 ST-RELAY16 Output Selection for Normally Open Contacts 
 
          
            5.5.5 Output Connector (PL2) Pin Assignments 
           The Output Connector is a 37-way D-Type female connector with the following pin-out: 
 
Table 5.10 ST-RELAY16 Output Connector Pin Assignments 
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C h a p t e r  S i x :  C A B I N E T  C O N S T R U T I O N  
 
          6.1 Hardware Components of the New Cabinet 
 
The new control cabinet for the printing machine included the following hardware 
components: 
1. An embedded computer. 
2. Interface Connectors. 
3. Interface Relays. 
4. Power Converter. 
5. Mains Isolation Switch. 
6. Transformers and Rectifiers. 
7. Overload Switches. 
8. Main Contactors. 
9. Measuring Devices. 
10. User Control Panel. 
11. Fuses. 
12. Cooling Fans. 
6.1.1 The Embedded Computer 
The embedded computer is a rack mounted STEbus chassis fitted with an Elan104/NC 
single board PC attached to serial interface card which provides a PC/104 to STEbus 
interchange bus connector. The system is installed with the following interface cards. 
• One digital input card providing 32 digital input channels. 
• One relay output card providing 16 changeover relays. 
• An analog I/O card providing an analog output channel for controlling the run 
operation of the power converter to the main drive and an input channel providing analog input 
channel for sensing the speed of rotation the main drive via it's tachometer. 
•  Another analog I/O card providing an analog output channel for controlling the inch 
operation of the power converter to the main drive. 
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6.1.2 Interface Connectors 
Four connectors have been installed for each of the input and output cards fitted in the 
embedded controller. These connectors link the embedded computer’s input and output 
channels with the printing press’s electrical system.  
6.1.3 Interface Relays 
A series of various rated interface relays have been installed in order to protect the relay 
channels that control high current components on the printing press. These components include: 
1. The main drive brake contactor. 
2. The power converter enable switch. 
3. The impression solenoids. 
4. The delivery solenoid. 
5. The feeder enable switch. 
6.1.4 Power Converter 
The original motor is an AC motor and controlled by resistances or potentiometer. This 
kind of motor with its traditional control has many disadvantages. The motion of AC motor not 
smooth and there is much energy loss due to use of resistances in motor’s speed controller, and 
more importantly, there is complication in controlling it by an embedded system. Thus, the main 
drive was replaced by a Baumüller DC motor with the corresponding 520VDC power converter, 
which is controlled by an electronic based control system. The converter is very efficient, 
reliable, heavy-duty, economical in the consumption of the energy and easily controlled by a 
computer based controlled system. Three line reactors have been installed before the main input 
voltage enters the controller to protect from surge voltages. Additionally, two reactors have 
been fitted before the field input voltage enters the controller for the same purpose. 
6.1.5 Mains Isolation Switch 
The mains switch provides isolation and protection of the cabinet. 
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6.1.6 Transformers and Rectifiers 
Two transformers have been fitted. One transformer rated at 650 VA, 220/60VAC is 
connected to a 20 Amps rectifier producing 60VDC used for supplying the solenoids. Another 
transformer rated at 450 VA, 220/24 VAC used for supplying the control of the entire cabinet.  
6.1.7 Overload Switches 
Six overload switches have been used to protect the six motors in the system. 
1. Main drive motor. 
2. Main drive cooling fan motor. 
3. Feeder compressor motor. 
4. Main feeder drive. 
5. Delivery compressor motor. 
6. Hydraulic pump motor. 
6.1.8 Contactors 
Six contactors have been used to control the above motors. 
6.1.9 Measuring Devices 
Three devices have been installed for monitoring 1) the mains AC voltage, 2) the DC 
voltage of the main drive, and 3) the current of the main drive. 
6.1.10 User Control Panel 
An emergency stop button interrupts power from the entire cabinet when the operator 
pushes on it. 





 Three 50 Amp ultra-rapid fuses are installed for the protection of the main drive and its 
electronic controller. Two 63 Amp ultra-rapid fuses are used to protect the motor and the circuit 
of the field inside the electronic controller. 
6.1.12 Cooling Fans 
Two 40-watt cooling fans are fixed high on the left and right sides of the cabinet in order 
for ventilating generated heat from the electronic components. 
6.1.13 Wiring and Labeling 
Table 6.1 Input Wiring Assignments 
 
Input Channels 
Channel Name Card/Address Channel on Card Pin on Connector 
Stop Circuit IN32/0x120 0 1 
Main Controller Over 
Temperature IN32/0x120 1 20 
Main Controller Over 
Current IN32/0x120 2 2 
Main Controller Field 
Loss IN32/0x120 3 21 
Main Controller Tacho 
Loss IN32/0x120 4 3 
Main Drive Over Load IN32/0x120 5 22 
Main Drive Brake 
Sensor IN32/0x120 6 4 
Air Pump 1 Over Load IN32/0x120 7 23 
Air Pump 2 Over Load IN32/0x120 8 5 
Front Table Out Sensor IN32/0x120 9 24 
Back Table Out Sensor IN32/0x120 10 6 
Main Controller Ready IN32/0x120 11 25 
Inch Button IN32/0x120 12 7 
Accelerator Button IN32/0x120 13 26 
Decelerator Button IN32/0x120 14 8 
Lower Numbering CAM 
Control Switch IN32/0x120 15 27 
Upper Numbering CAM 
Control Switch IN32/0x120 16 11 
Optical Delivery Paper 
Sensor IN32/0x120 17 29 
Feeder Ready Sensor IN32/0x120 18 12 
Main Power Available  IN32/0x120 19 30 
Main Controller Tacho  ANALOG/0x160 0 IN 1 
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                            Table 6.2 Output Wiring Assignments 
 
Output Channels 




Solenoid RELAY16/0x150 0 NO 20 




RELAY16/0x150 2 NO 23 




RELAY16/0x150 4 NO 26 
Buzzer/Alarm RELAY16/0x150 5 NO 9 
Main Controller 




RELAY16/0x150 7 NO 11 
Printer Stop LED RELAY16/0x150 8 NO 12 
Main Drive Brake 




RELAY16/0x150 11 NO 15 
Main Controller 
Drive Voltage ANALOG/0x160 0 OUT 12 
 
 
6.2 Wiring Diagram 
Firstly, a wiring diagram was drawn. Then, all components needed for the control of the 
machine as shown in table 6.3 were installed and wired according to the wiring diagram. The 
input and output channels fitted in STE/pc embedded controller were kept isolated for the 





          6.3 Cabinet Building Material  
Below is a table listing the hardware components used in this project  
Table 6.3 Hardware Component Listing 
Description Quantity 
DC Motor GNA 100 1 
Controller BKF 12 1 
Mains Circuit Breaker 100 A 1 
Mains Switch 160 A 1 
DC Voltmeter 1 
DC Ammeter 1 
Shunt 50A 1 
Transformer 400A (230/60V) 1 
Connection Multi D- Type 20 
DIN Rail terminal 10 
Cable Ribbon (meters) 30 
Complete indicator light red 2 
Complete indicator light green 2 
LED element red 5 
Emergency stop 1 NO and 1 NC 2 
Rectifier Single phase (10 A) 2 
Contactor 5.5KW, 4 pole, Coil 240 V 
50HZ 1 
Contactor 4KW, 4 pole, Coil 24 50HZ 5 
Digital AC Voltmeter 1 
Voltmeter selector switch 1 
PVC trunking 25*40 mm 4 
PVC trunking 40*60 mm 8 
STEpc Rack fitted with Elan 104NC 
processor and 230 Volt main PSU and ST-
SER Interface Card 1 
ST - ANALOGUE  Output Card 2 
Electronic interface relay 5 
ST-IN32  Input Card 1 
ST-RELAY16 Output Card 1 
Windows CE 3.0 License 1 
1*2mm wire Red (meters) 90 
1*2 mm wire Black (meters) 90 
1*2 mm wire Yellow (meters) 90 
Cable 4x25 mm2 (meters) 30 
Transformer 230 / 24 Volt 1 




Figure 6.1 the New Cabinet                                               
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C h a p t e r  S e v e n :  S O F T W A R E  D E S C R I P T I O N  
The embedded controller selected for this electronic based control system was ordered 
with Microsoft Windows CE 3.0 operating system. This operating system was selected because 
it provides the necessary software capabilities for implementing an application to control the 
machine with process or task running independently from each other. As an example, while the 
application is controlling the machine, another task is monitoring the signals for input error, and 
the ability for replacing hardware analog counters and timers with software timers and 
counters. Since all Microsoft Windows operating systems support a graphic user interface 
displaying errors and general information about the machine is accomplished easily and 
attractively. 
7.1 Windows CE Operating System 
In brief, MS Windows CE is a real-time, event-driven, multi-tasking, multi-processing 
operating system.  
• A real-time application is one that manages time critical systems, such as 
manufacturing process controls, high-speed data acquisition devices, or telecommunications 
switching equipment. The unique characteristic of a real-time application is that it not only 
provides the correct response, but also responds within a specified period. 
• An event-driven operating system means that when an event occurs, usually from the 
input sources, but could also be, for example, the expiration of a timer, an event message is sent 
from the operating system to a control function or procedure requesting notification of specific 
event in order to respond to those events. 
• A multi-tasking operating system means that the operating system accommodates 
several processes and/or threads running simultaneously.  
• A thread describes a path of execution within a process. Every time the OS creates a 
new process, it also creates at least one thread. The purpose of creating a thread is to make use 
of as much of the CPU’s time as possible. For example, in many applications, it is useful to 
create a separate thread to handle printing tasks so that the user can continue to use the 
application while it is printing. 
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Each thread in a process operates independently. Unless you make the threads visible to 
each other, they execute individually and are unaware of the other threads in a process.  
Threads can be in one of the following states: running, suspended, sleeping, blocked, or 
terminated. 
• Running – a thread is in the operating system’s execution queue. 
• Suspended – a thread is temporarily paused for indefinite period. The thread must 
be resumed in order to continuing running according to the needs of the application. 
• Sleeping – a thread is suspended for a definite period and then automatically 
resumed. 
• Blocked – a thread is waiting for a system resource, e.g. a semaphore, a file on the 
disk, an Internet connection, etc. 
• Terminated – a thread has been removed and cannot run again. 
• A multi-processing operating system enables users to open and work in several 
applications at the same time. For example, a user can edit a file in a word processing 
application while another application is recalculating a spreadsheet. Threads enable an 
application to perform more than one task at a time, even though applications cannot execute 
more than one thread at a time; however, Windows CE supports preemptive multitasking, 
which creates the effect of simultaneously executing multiple threads. When a process has 
more than one thread running, the OS rapidly switches from one thread to another, so that the 
threads appear to run simultaneously. 
The Numerota printing press application uses three threads: 
1. The Input Manager monitors the printing press’s hardware input signals and generates 
corresponding event messages. 
2. Within the motor object, a thread asynchronously accelerates the printing press by 
sequentially stepping the voltage towards the maximum voltage. 
3. Within the motor object, a thread asynchronously decelerates the printing press by 
sequentially stepping the voltage towards the specific idle voltage. 
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7.2 Windows CE Application 
A Windows-based application begins with a WinMain function. Every Windows CE–
based application must have the WinMain function as its entry-point function.  
One task that WinMain must perform itself is establishing a message loop. The message 
loop retrieves messages from a thread message queue and dispatches them to the appropriate 
window function. The message queue coordinates the transmission of messages for a specified 
thread. Each thread can have only one message queue. When a message is passed to a window, 
the message is placed on the message queue of the window’s thread. The thread receives and 
dispatches the message. There are two ways to pass a message to a window: posting a message 
and sending a message. Basically, the PostMessage function sends the message and returns 
immediately, while the SendMessage function waits for a response from the window to which 
the message was sent. 
      7.3 File System Description 
      Following are two lists naming and describing the source code and definition files used in 
the Numerota numbering printing press application.  
            7.3.1 Source Code Files 
• Analog.cpp contains software code for controlling the ST-Analogue I/O Arcom 
STE/pc bus interface card. 
• Arcom.cpp contains software code for controlling the operations of the 
Numerota numbering printing press. 
• Halio.cpp contains software code for interfacing with microprocessor’s I/O 
bus interface in order to communicate with the Arcom interface 
cards on the STE/pc bus. 
• In32.cpp contains software code for controlling the ST-INPUT32 Arcom 
STE/pc bus interface card. 
• Inmgr.cpp contains software code for managing the various input signals 
coming from the Numerota numbering printing press and firing 
appropriate events to the control software contained in the 
Arcom.cpp software code file. 
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• Motor.cpp contains software code for managing the operational features of the 
main motor (i.e. stopping, applying and releasing the brake, 
accelerating, decelerating, and inching the main drive.  
• Papp.cpp contains software code initializing the main window, and child 
windows for the Windows CE 3.0 printer application (papp.cpp). In 
addition, it contains the control function for controlling the entire 
Graphical User Interface feature displayed on the computer 
terminal. 
• Papp.rc This file is generating by Microsoft Embedded Visual C++ 3.0. It 
describes the Graphical User Interface components (e.g. buttons, 
edit controls, progress bars, etc.). It is processed and compiled by 
Microsoft Embedded Visual C++.  
• Relay16.cpp Contains software for controlling the ST-RELAY16 Arcom STE/pc 
bus interface card. 
• Stdafx.cpp This file is generated by Microsoft Embedded Visual C++ 3.0 file. 
• Timers.cpp Contains the software code for handling software timers in 
Windows CE 3.0. 
            7.3.2 Definition (Header) Files 
• Analog.h contains the object definition of the ST-Analogue I/O Arcom 
STE/pc interface card, and the object definition of an in/out 
analogue channel. 
• Arcom.h contains the interface functions for the software contained in the 
arcom.cpp source code file. 
• Common.h contains the definition of the global configurations data structure, 
and the application specific event identifiers for the Numerota 
Software application. 
• Halio.h contains the definitions of the I/O bus interface functions used by 
the Arcom STE/pc interface card control objects. 
• In32.h contains the object definition of an ST-INPUT32 Arcom STE/pc 
interface card and the object definition of an input channel. 
• Inmgr.h contains the interface functions for the input manager software code 
contained in the inmgr.cpp source code file. 
• Motor.h contains the object definition of the main motor. [6] 
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• Relay16.h contains the object definition of an ST-RELAY16 Arcom STE/pc 
interface card and the object definition of a relay channel. 
• Resource.h Microsoft Embedded Visual C++ 3.0 file. It should not be edited. 
• Stdafx.h Microsoft Embedded Visual C++ 3.0 file. It should not be edited. 
• Timer.h                 contains the object definition of a Windows CE 3.0 software timer.  
7.4 Development Environment/Compilation and Linking 
The Numerota Printing Press software was developed using Microsoft Embedded Visual 
C++ 3.0 running on Windows 2000 desktop workstation. A workspace was created with the 
name pplc (i.e. Printer Programmable Logic Controller) and a WCE application project was 
created with the name papp (i.e. Printer Application). The stack setting was changed to 
accommodate the application to: stack:0x40000,0x4000, because after adding the graphical 
components the system began to hang, which is the first indication that the stack has grown 
beyond its allocated space. In order to change the stack setting, select Project Settings from the 
Project menu. Then select the Link tab. In the Project Options window find the statement 
/stack: 0x10000, 0x1000 and the 0x10000, 0x1000 to 0x40000, 0x4000. 
7.5 Installing MS Embedded Visual C++ and the Arcom Platform SDK 
1. Install Visual C++ in the usual way. 
2. In order to compile and link applications suitable to run on the Elan104/NC, the 
Arcom SDK, which is supplied on the CD that is shipped with the product’s documentation 
package, must also be installed. 
3. Once the SDK is installed, the MS Embedded Visual C++ compiler and linker must 
be told about it. 
• From the Microsoft Embedded Visual C++ 3.0 menu, select Tools/Options. 
• Click on the Directories tab. 
• In the ‘Platform’ list box select ELANALL1 SDK. 
• In the ‘Show Directories for’ list box select ‘Include files’. 
       4.  Check for the following SDK include directories in the Directories window. 
• D:\WINDOWS CE TOOLS\WCE300\ELANALL1\INCLUDE   
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• D:\WINDOWS CE TOOLS\WCE300\ELANALL1\ATL\INCLUDE 
• D:\WINDOWS CE TOOLS\WCE300\ELANALL1\MFC\INCLUDE 
• D:\WINDOWS CE TOOLS\WCE300\ELANALL1 
        5.  In addition for the application specific include files, add at the beginning of the list the 
directory: 
• C:\ARCOMWCE3.0\PPLC\PAPP 
6. In the ‘Show Directories for’ list box, select ‘Library files’. 
7. Check for the following SDK library directories in the Directories window. 
• D:\Windows CE Tools\WCE300\ELANALL1\Lib\x86 
• D:\Windows CE Tools\WCE300\ELANALL1\Mfc\Lib\x86 
• D:\Windows CE Tools\WCE300\ELANALL1\Atl\Lib\x86 
     8. In the ‘Show Directories for’ list box select ‘Source files’. 
     9. Check for the following in the  Directories window. 
• D:\Windows CE Tools\WCE300\ELANALL1\Src 
• D:\Windows CE Tools\WCE300\ELANALL1\Mfc\Src 
• D:\Windows CE Tools\WCE300\ELANALL1\Atl\Src 
            7.6 Building the Application 
           After opening the workspace (i.e. pplc.vcw), and selecting the project (i.e. papp files), 
simply press F7 to build the executable file (i.e. papp.exe) that will be loaded onto the 
embedded controller running Windows CE 3.0. This file is written to directory 
pplc/papp/X68Rel. 
            7.7 Loading the Application onto the Embedded Controller 
 
1. Connect a RS-232 null-modem serial cable from the desktop’s COM1 serial port to 
the Elan104/NC embedded controller’s COM1. 
2. Power-on the Arcom STE/pc Embedded Controller and continuously tap the F5 key 
until the following message appears: 
“Bypassing CONFIG.SYS and AUTOEXEC.BAT 
Current date is day mm-dd-yyyy 
Enter new date: (mm-dd-yyy):” 
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3. Now, press the ENTER key two times, or until the C:\> prompt is shown. 
4. There is a script loaded on the Elan104/NC named pload. Type pload at the prompt 
and press the ENTER key. The computer is now waiting for the desktop to send the 
application papp.exe. 
5. On the Windows 2000 desktop, open the application from the desktop named 
ttermpro (This application was taken from the internet). 
6. Select File/Transfer/ZMODEM/Send. 
7. Select the file: ArcomWCE3.0/pplc/papp/X86Rel/papp.exe. 
8. Click on the OPEN button, and the download process will begin. 
9. After the download process has completed, press and hold down the keys Ctrl + 
Alt, then press the Del key. The computer will reset. 
10. Wait for Windows CE 3.0 to load and start the Printer Application (papp.exe). 
11. The printing press is now ready to be controlled. 
                7.8 Software Development Stages 
               The software development  took four stages of development before solidifying into 
the control software used for the Numerota printing press. The stages were as follows: 
1. Stage One: Understanding the original operation of the Numerota printing press.  
Discussion took place with the mechanical engineers and the printing press operators in 
order to design a conceptual sketch of the software flow. Number of inputs and outputs 
were decided. 
2. Stage Two: Connecting to the embedded controller and communicating with the 
embedded input and output interface cards. 
A short amount of time was spent in establishing the communication process between 
the development desktop computer and the embedded computer. Immediately, after that 
establishment, small software objects using C++ were written for using and controlling 
the embedded interface cards (i.e. ST-IN32, ST-RELAY16, and ST-ANALOGUE-IO) 
and a simple utility application was developed for setting and getting the states of the 
channels on each card. This verified the access to these interface cards and established 
the foundation of the software system. The development of the Numerota software 
could now begin. 
3. Stage Three: Initial software implementation and the simulation environment. 
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The first implementation of the software consisted of a simple DOS program. It 
exercised some basic operation flow of the printing press. Though the actual printing 
press was not available and the main drive was not connected; push buttons, toggle 
switches, 2-watt lamps, and a voltmeter were connected to the embedded controller’s 
input and output channels. The lamps were used as the actual indicator lamps for STOP, 
READY, and POWER ON, and also to indicate the state of the solenoids, that is 
whether it was energized or not energized; and the voltmeter showed the amount of 
voltage that would later be used to drive the power converter of the main drive. This 
proved that the simple control application could be developed with some level of 























Figure 7.2 Input/Output Connections for Simulation Process 
 
4. Stage four: The final implementation design – a Windows CE 3.0 application. 
A considerable amount of time was consumed in understanding the operation and usage 
of the Windows CE operating system and the integrated development editor, Microsoft 
Windows Embedded Visual C++ 3.0. The simple DOS program was imported or 
translated into an event-driven, multi-thread Windows CE application. Many new 
features were easily added to the software control because of the Windows CE 
operating system. The simulation environment served its purpose well. 
 
 7.9 Printing Press Software Application Design 
The Numerota printing press application consists of two windows, one visible and the 
other invisible, a motor object that contains two threads for controlling acceleration and 
deceleration, and a third thread to monitor the input signals coming in via the ST-INPUT32  
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Arcom STE/pc interface card and generating corresponding event messages. This type of 
design was selected in order to catch or to trap error events as soon as they occur irrespective to 
other events that are simultaneously occurring. By scanning the input interface card and 
controlling the acceleration and deceleration in separate threads, the application is able to detect 
if another event, perhaps an error event, occurs while another task is in progress and respond 
immediately, and appropriately. In case of error events, the printing press can be stopped 
immediately while accelerating or decelerating, or while any of the control, buttons are being 
pressed or released. 
7.9.1 Complete Data Path 
The flow of the data or signals originates at the buttons, limit switches, sensors, or 
contactors, or from Graphical User Interface on the monitor. Every input signal is processed 
and an event message is sent to the Arcom Control window described later. This particular 
window reacts to each event message that is sent to it by affecting: 
1. Internal variables, like the paper counter, or the “impression on” button status for 
example. 
2. Relay channels connected to the ST-RELAY16 interface card, used for controlling 
the main drive brake and main controller, or indicator lamps, like the stop and ready lamps. 
3. Analog Output channels used for inching and running the printing press. 
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                                       Figure 7.3 Complete Data Path Diagram 
 
              7.9.2 Accessing the Hardware 
The Arcom STE/pc Embedded Controller contains four interface cards.   
1. ST-IN32 receives all printer input signals including buttons, sensors, and 
limit switches. 
2. ST-RELAY16 controls all output printers signals including indicator lamps, 
solenoids, contactors, and switches. 
3. ST-ANALOGIO one to control the running operation 
4. ST-ANALOGIO one to control the inching operation 
In reference to figure (7-2), these physical hardware interfaces are accessed via C++ 
object interfaces, which internally utilize the Elan104/NC board support package, which is 
represented by the rectangle labeled “Hardware Abstraction Layer (Halio.cpp)” in figure (7.4). 
It is specifically designed for the Elan104/NC microprocessor, in order to read from and write 
to the physical interface cards on the STEbus. 
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                           Figure 7.4 Software to Hardware Access Path Diagram 
 
7.9.3 Starting up the Application 
The beginning of a Windows application is in a function called, WinMain(), which is 
found in the papp.cpp source file. It first begins by instantiating windows and objects, 
initializing them, and initiating the necessary threads and synchronization utilities, namely two 
signaled events and a mutex. 
Once the initialization has completed, the WinMain() enters the controlled message loop, 
waiting for message sent by the Windows Operating, and from within the application itself. The 
message loop receives messages and dispatches them to either the GUI Control window or the 
Arcom Control window or any of the GUI components within the GUI Control window 
depending on the destination of the message. 
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Figure 7.5 Event Messages’ Paths via Windows CE 3.0 
         7.9.4 Sequence of Initialization 
The application is initialized by the InitInstance() function. It registers and creates the 
main window for the application. In the creation of this main window, Windows CE sends a 
WM_CREATE message to its controlling function, WndProc() found in the file papp.cpp. The 
response to this message initializes the entire Numerota numbering printing press application. 
The following list describes the initialization in order. 
1. Create a status bar window at the bottom of the main window, 
CreateStatusWindow(). 
2. Create the dialog control window used for the Graphical User Interface (GUI), 
CreateDialog(). 
3. Initialize the motor object, named MainDrive, InitMotor(). 
4. Initialize the invisible Arcom Control window, which is the personality of the 
printer itself, initArcom(). 
5. Initialize the Input Manager thread, InitInputManager(). 
7.10 The Major Components of the Application 
The Numerota printing press application consist of the four components has mentioned 
before: 
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1. The GUI Control window. 
2. The Arcom Control window. 
3. The Motor (MainDrive) object (contains two threads for controlling acceleration 
and deceleration. 
4. The Input Manager thread. 
                                                                                                       
 
Figure 7.6 Visual Relationships between Application Components 
 
7.10.1 The Visible Window – Graphical User Interface Control Window 
The GUI Control window receives messages from the Arcom window in order to vary 
the state of the software buttons (i.e. stop, acceleration, deceleration, inch, delivery table, 
impression), max paper updates, number of sheets printed, automatic switching of the delivery 
tables. It also sends messages to the Arcom window in response to the user mouse clicks and 
the ENTER key. 
The GUI is created by the function call, CreateDialog (). It is here where the window 
control procedure is specified as Control(), defined in the papp.cpp. This consequentially cause 
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(window message) WM_INITDIALOG message to be sent to the GUI control procedure, 
Control(). 
7.10.1.1 Initialization 
1. Initialize button state variables. 
2. Create color brush from distinguishing the button states. 
3. Set the initialize range and position of the front and back progress bars and the 
speed indicator. 
4. Set the initial maximum paper count to 250 in the edit control window. 
7.10.2 The Invisible Window – Arcom Control Window (The Printing Press’s 
Personality) 
This is the core of the printing press’s operation, its behavior or personality. The function 
initArcom() found in file arcom.cpp, registers and creates a second invisible window used for 
controlling the operation of the printing press as a whole. The window procedure used for 
controlling or receiving messages is called WndArcomProc() found in file arcom.cpp. This 
function contains the software that responds to every input event generated by the input 
manager (i.e. inputManagerThread()) due to hardware input signals from the printing press’s 
buttons and sensors, and software input events generated by the GUI due to mouse clicks and 
the ENTER key. 
The following list shows the specific operations of the printing press. 
? Initializing the control window of the machine 
? Stopping the machine 
? Accelerating, decelerating and inching the machine 
? Paper Alignment 
? Delivery Table Operations 
The various operations of the machine are explained below; these commands have been 




• Register the class and create the window. 
• Assign the relay channels to the ST-RELAY16 Arcom STE/pc interface card. 
Create application timers:- 
o Buzzer Delay Timer – duration for the buzzer to sound. 
o Inch Timer – duration before sounding the buzzer again for inching the 
machine. 
o Suction Timer – duration before turning off the delivery air compressor. 
o Printing Speed Timer – the duration before automatically accelerating the 
machine to the preset speed used for printing – it is to about 50% of the 
maximum speed. 
o Align Timer – this timer allows duration of time to pass in order to sense that 
the paper is truly aligned.  
o Paper Timer – there is a gap between each sheet of paper just before it enters the 
printing unit, which indicates that there is no paper, and thus the machine will 
stop. This timer eliminates a false indication of no paper. 
            7.10.2.2 Stopping the Printer 
 
            This is a response to the APP_STOP message. 
1. Stop the main drive. 
2. Turn off the delivery air compressor. 
3. Turn off the feeder and impression. 
4. Turn off the READY LED and turn off the STOP LED. 
5. Turn off the buzzer. 
6. Stop the software timers, except the Feeder Off timer that must be controlling 
independently in case the feeder is in the process of turning off. 
7. Reset the paper alignment. 
          7.10.2.3 Accelerating, decelerating and inching the main drive 
  A response to APP_RUN message and events Accelerate button pressed/released, 
Decelerate button pressed/released, and Inch button pressed/released. 
1. If accelerate or decelerate buttons were pressed and there is no delivery table available, 
the request is ignored. 
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a. If the run timer and the main drive are stopped, sound the buzzer. When the 
buzzer has completed, accept accelerate and decelerate requests. 
b. Request the motor to accelerate or decelerate. 
c. Start the run timer. When the run timer stops, the buzzer will be sounded before 
acceleration or deceleration requests are accepted. 
2. If accelerate or decelerate buttons were released, request the main drive to cruise  
3. If inch button was pressed and the inch timer and main drive are stopped, sound the 
buzzer. When the buzzer has completed, accept inch requests. 
a. Request the motor to inch. 
b. Start the inch timer. When the inch timer stops, the buzzer will be sounded 
before an inch request is accepted. 
4. If inch button was released and the main drive is inching, request the main drive to stop, 
turn off impression if the impression solenoids are on. 
7.10.2.4  Paper Alignment 
 
       This is in response to APP_CONTROL message and events (1) Paper Aligned, (2) Paper 
Not Aligned and (3) No Paper. 
1. Paper Aligned :-  
a. Stop the No Paper and Paper Alignment timers, because the paper is truly 
aligned. 
b. Turn on the feeder and impression solenoids if impression is on and table 
delivery is available and main drive running. 
c. Start the Printing Speed timer. When the timer expires and paper is still loaded 
and aligned, the printer will gradually automatically accelerate to the 50% of 
maximum voltage. 
2. Paper Not Aligned :- 
a. Start alignment timer, because the alignment sensors do not detect the alignment 
simultaneously; there is a slight delay. 
 
b. If the timer expires, then the paper is truly misaligned. 
c. Otherwise a Paper Aligned event will occur and stop the Alignment Timer. 
3. No Paper :- 
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a. Start the Paper timer, because there is a gap between consecutive, moving 
sheets, and thus the No Paper message could be false. 
 
b. If the Paper timer expires, turn off the feeder and impression and automatically 
and gradually decelerate to idle speed. 
 
7.10.2.5 Delivery Table Operation 
This is in response to APP_CONTROL message and events Paper Sensor Closed or 
Opened, and Front or Back Table Removed or Seated. 
• Paper Sensor closed: Counting Printed Sheets. 
     1. If main drive is not running or inching, ignore this event. 
2. Turn on the delivery table air compressor and paper suction. 
3. Turn off the Paper Suction timer. 
    4.  Advance the paper counter. 
    4.  Paper counter reaches maximum count limit (default: 250 sheets) 
a. Reset the paper counter to 0. 
b. Mark the front/back table as full. 
c. Switch to the other table, if the other table is not out nor full; otherwise stop the 
printer. 
• Paper Sensor opened: No paper. 
1. Start the Paper Suction timer. 
2. If the timer expires, turn off the delivery table, air compressor and paper suction. 
• Front Table Removed: 
1. Mark table out. 
2. If this table is not being used, ignore this event. 
3. If this table is not yet full, stop the printer. 
4. If the back table is seated and not full, switch to it. 
5. No delivery table is available; stop the printer. 
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• Front Table Seated: 
1. Mark the table not out and not full. 
2. If at least one table is in, so send a Stop Button Released event.   
3. If back table is in use and still not full, ignore this event.    
4. Mark this table as in use. 
• Back Table Removed: 
1. Mark table out. 
2. If both tables are out, stop the printer 
3. If this table is not being used, ignore this event. 
4. If this table is not yet full, stop the printer. 
5. If the front table is seated and not full, switch to it. 
6. No delivery table is available; stop the printer. 
• Back Table Seated: 
1. Mark the table not out and not full 
2. If at least one table is in sent a Stop Button Released event. 
3. If front table is in use and still not full, ignore this event. 
4. Mark this table as in use. 
 
      7.10.3 The Motor Object 
       The motor object controls directly the functionality of the main drive of the printing press. 
The Arcom Control window requests that the motor accelerate, decelerate, inch, stop, or cruise 
the main drive. Stopping and cruise are never refused, but accelerating, decelerating, and 
inching request can be refused under certain conditions.  
The motor consists of: 
1. An analogue channel for accelerating and decelerating the main drive. 
2. An analogue channel for inching the main drive. 
3. An analogue channel for reading the speed of the main drive. 
4. A relay channel for controlling the main drive’s brake contactor. 
5. A relay channel for controlling the main drive’s main controller power converted. 
6. A maximum voltage value. 
7. An idle voltage value. 
  81
8. An inching voltage value. 
9. An acceleration constant 
10. A percentage of the maximum voltage for the printing speed. 
11. A thread for acceleration and an associated signaled event for synchronization. 
12. A thread for deceleration and an associated signaled event for synchronization. 
13. A MutEx (i.e. mutual exclusive semaphore) for setting and getting the output 
voltage value for synchronization between the threads. 






6. Gradually and automatically accelerates to printing speed 
7. Gradually and automatically decelerates to idle speed 
         7.10.3.2 Initialization: 
The function initMotor() found in file motor.cpp, instantiates all of the requirements need 
by the motor object, then creates the motor object. In the creation of the motor object, two 
threads are initiated, one for acceleration and the other for deceleration. Both remain blocked 
until acceleration or deceleration event is generated. They return to the blocked state when 
acceleration or deceleration is cancelled or the motor is stopped. The motor is now ready to be 
controlled. 
• Assign the relay channels to the ST-RELAY16 Arcom STE/pc interface card. 
          1. Enable main Controller.  
    2. Brake Contactor. 
• Assign the analog channels to the ST-ANALOGUEIO Arcom STE/pc interface card. 
         1. Drive running (out put) 
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         2. Drive inching (output). 
         3. Tachometer (input) 
         7.10.3.3 Stopping the main drive 
Refer to function motor::Stop() in file motor.cpp. 
1. Suspend the acceleration and deceleration threads. 
2. Set the output voltage to 0 VDC for the running and inching channels. 
3. Disabling the main controller power converter. 
4. Applying the main drive brake. 
       7.10.3.4 Inching the Main drive 
Refer to function motor::Inch() in file motor.cpp. 
1. If it is already inching, the request is cancelled and an error is returned 
(motorInchingInProgessEvent). 
2. If it is current running, the request is cancelled and an error is returned 
(motorRunningInProgressEvent). 
3. Suspend the Acceleration/Deceleration threads. 
4. Release the brake. 
5. Enable the main controller power converter. 
6. Set and apply the inching voltage level. 
 
7.10.3.5 Accelerating the Main drive 
Refer to function motor::Accel() in file motor.cpp. 
1. If it is currently inching, the request is cancelled and an error is returned 
(motorInchingInProgressEvent). 
2. If the current output voltage is at the maximum voltage level, the request is 
cancelled and an error is returned (motorAccelMaxEvent). 
3. Release the main drive brake. 
4. Enable the main controller power converted. 
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5. Suspend the deceleration thread. 
6. Resume the acceleration thread. This thread is automatically suspends when it 
reaches the maximum output voltage level. 
        7.10.3.6 Decelerating the Main drive 
Refer to function motor::Decel() in file motor.cpp. 
1. If it is currently inching, the request is cancelled and an error is returned 
(motorInchingInProgressEvent). 
2. If it is currently stopped, the request is cancelled and an error is returned 
(motorStopEvent). 
3. If it is currently at the idle output voltage level, the request is cancelled and an error 
is returned (motorDecelMinEvent). 
4. Suspend the acceleration thread. 
5. Resume the deceleration thread. 
7.10.3.6 Cruising the Main drive 
 
            Refer to function motor::cruise() in file motor.cpp. 
1. Suspend Acceleration thread. 
2. Suspend Deceleration thread. 
          7.10.4 The Input Manager 
          The input manager is a thread that runs in an infinite loop, continuously scanning the ST-
INPUT32 Arcom STE/pc interface card for changes in the utilized input channels. Event 
messages are generated in response to changes from the input channels and sent to the Arcom 
window, via Windows CE operating system. The manager has also been given the ability to 
receive specific message in order to force and simulate a hardware input event. 
• Assign the input channels to the ST-IN32 Arcom STE/pc interface card. 
The function initInputManager(), found in file inmgr.cpp, creates a thread used for 
scanning and generating event messages, and a message queue in order for the input manager to 
receive messages from within the application, specifically the Arcom window. 
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7.10.4.1 Categories 
The input manager generates five categories of event message: 
1. APP_BOOT 
At power-on, the input manager sends this event category with the event 
IDS_POWERON to the Arcom window in order for it to set the initial state of the printing 
press’s output signals, software components. 
2. APP_STOP 
This event category is sent to the Arcom window whenever an error has been detected or 
the stop circuit has been opened. The Arcom window will cause the printing press to stop all 
functionality until the stop or error condition has been removed. 
3. APP_READY 
This event category is sent to the Arcom window whenever the stop condition due to all 
stop or error conditions has been removed. The printing press is put into a state awaiting 
operational command request such as run, inch, etc. 
 4.   APP_RUN 
This event category is sent to the Arcom window whenever the Acceleration, 
Deceleration, or Inch button have been pressed or released. If able, the Arcom window will 
request the motor object to perform the requested operation. Moreover, if able, the motor object 
will execute the motion request. 
5.   APP_CONTROL 
         This event category is sent to the Arcom window whenever one of the following occurs: 
a. Paper is aligned. 
b. Paper is not aligned. 
c. Impression On button has been pressed/released. 
d. Impression Off button has been pressed/released. 
e. Paper delivery sensor has/has not detect paper passing by it 
f. Front/Back has been removed/seated. 
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g. Main drive brake contactor has been applied/released. 
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C h a p t e r  E i g h t :  C O N C L U S I O N S  
 
A banknote-numbering machine has an old relay based control system, it frequently 
encounters electrical problems; as a result the machine constantly stops, which render low 
production.  
To solve this problem, the old control system has to be replaced by a new modern 
embedded (computer) based control system. This new system has many advantages over the 
other control system; it let the machine runs smoothly without frequent stopping; spare parts 
are available and saving money. 
         For the design of the embedded system, the following have been achieved:  
• Number of inputs and outputs on the machine and their type analogue or digital has 
been decided. 
• Voltage and current required for supplying the control circuits of the inputs and outputs 
have been decided. 
• Sequence of operation of the machine has been known and simulated by a flowchart. 
• Other component for the protection and control of the electrical circuits has been 
decided. 
Then the type of the computer was selected, it is Standard Europe PC (STEpc), which has 
the following specifications: 100MHZ CPU, 16MB DRAM, 8MB FLASH with windows CE 
operating system.  
• All components needed for the new system were purchased, then the cabinet has 
been made and the old AC motor has been replaced by a new DC motor with it is converter, 
which is easily can be controlled by the computer.  
• The software development was made by using Microsoft Embedded Visual C++ 3.0 
running on Windows 2000 desktop workstation (host computer), and then transferred to the 
embedded computer (target). 
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• Simulation was done then the inputs and outputs on the machine connected to the 
new control cabinet, at last the software was debugged. Then the machine ran for production. 
         The new control system has the following features: 
         1. The complication of wiring and sequential relays for implementing control logic is 
eliminated, also mechanical timers and counters that have a short operating life are provided by 
modern, sophisticated, multi-tasking, multi-threaded operating system (i.e. Windows CE 3.0). 
They are highly reliable and long life; they are intangible. This makes the design of the control 
system have elegance, simplicity and functionality. 
      2. The ability to simulate the input and output signals in order to simulate and test the software 
control application before the actual run of machine is available.  
     3. Today, embedded control systems are manufactured by hundreds of companies following 
international standards making the embedded computer and interface card compatible; that 
mean spare parts are available. 
    4. An embedded computer, which can have any of the functionalities that a general-purpose 
computer has, can be equipped with serial and networking hardware. With appropriate software 
applications installed, these embedded computers can be accessed via modem, intranet, 
internet, or via the World Wide Web so that the system can be monitored, upgraded, modified, 
re-configured or even controlled from a remote location anywhere in the world, as long as 
access is provided. 
   5. After the completion of the project, the machine runs smoothly without any problems that 
deserving mentioning. The total cost of the project was $ 22000 (twenty-two thousands US 
dollars). The total cost for rebuilding a PLC based control system for a similar machine done 
before for my company by a European company, was about 130000($ One Hundred and thirty 
Thousand) compared with our project it’s a computer based control system and the total cost 
was $21,959 (Twenty One Thousand Nine Hundred and fifty nine. So there is a saving about 
$100,000 (One Hundred Thousand US Dollars). 
After the completion of the project experience was gained; other old control systems can be 
upgraded.  
       There is some work in this project has not been completed here are three of them: 
  88
• Instead of the monitor, mouse and keyboard used for the embedded PC, a touch 
screen has to be used which is simple and compact. 
• An analogue controller was used to control the DC motor; instead a digital controller has 
to be used, which is cheaper and more reliable. 
• The Input and output components on the machine; like limit switches sensors, 
pushbuttons, solenoids, have to be replaced by new components, modern solenoids 
consume less energy which is save for the operation of the output cards of  the PC. 
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